During the 1995 spring bloom in Bedford Basin, Nova Scotia, Canada, dissolved organlc carbon (DOC) and nitrogen (DON) in surface waters were separated by cross-flow ultrafiltration into low molecular weight and colloidal size fractions. In order to obtain realistic estimates of the total standing stock of organic carbon and nitrogen during the bloom, measurements of DOC and DON in the iiltrafiltered size fractions were combined with particulate organic carbon (POC) and nltrogen ( P O N ) measurements. The combined C.N ratio of the total standing stock of organlc matter ( T O M ) ~ncreased from near-Redfield values to a maxinlum duling the early bloom as carbon-r~ch diatom exudates accumulated in the dissolved (primarily the colloidal) size fraction. Even though the colloidal exudates were only a small frdctlon (<12%) of the TOM, they had a pronounced effect on the C:N ratio. In distinct contrast, the C:N of part~culate organlc matter (POhl) remdined almost invariant, contr~butlng little to the change in the comb~ned C::N ratio. Respiration was closely associated w~t h the C : N of TOM and colloidal organic matter ( C O M ) , but appeared to have little effect on one of the most commonly utilized indices of ocean productivitythe C : N of P O M . Instead, by the end of the bloom, respiration had returned the C : N ratio of the TOM to near-Redfield values by selectively degrading the colloidal and low molecular weight organic carbon associated with the production of diatom exudates.
INTRODUCTION
Dissolved organic carbon (DOC) is the largest reservoir of organic carbon in the ocean, outweighing detritus and 'living' carbon (phytoplankton, bacteria and zooplankton biomass) by a considerable margin (Kepkay 1994 and references therein). Smith & Hollibaugh (1993) have suggested that the degradation of particulate organic carbon (POC) to form DOC, and the longterm oxidation of DOC by respiration are key processes in the transport of carbon between coastal and open oceans. The coastal zone is a net heterotrophic system (Smith & MacKenzie 1987) , where respiration must exceed primary production to break down the additional input of organic carbon, from terrestrial sources. The slow oxidation of DOC as it is transported offshore is required to maintain an open-ocean system where respiration is slightly in excess of primary production (Smith & Hollibaugh 1993) .
The magnitude and rate of offshore DOC transport are regulated by a combination of physical and biological processes, including: (1) the coagulation of colloids (i.e. particles and aggregates between 1 nm and a few pm in diameter) into larger aggregates (Kepkay 1994 and references therein); (2) the vertical mixing of DOC and aggregates between surface and deep water (Carlson et al. 1994) ; (3) the respiratory degradation of colloidal fractions of DOC (Amon & Benner 1994 ) and aggregates of larger colloids (Kepkay 1994 and references therein) .
Given the importance of respiration in the regulation of the ocean carbon balance (Smith & Hollibaugh 1993) , there is a surprising absence of direct measurementsespecially of respiration in association with a complete organic carbon inventory that takes both dissolved and particulate fractions into account. Added to this, there have only been a few reports (e.g. by Smith ot dl. 1991) that highlight the combined effect of primary production and organic carbon degradation on the nutritional quality [i.e. the phosphorus and/or nitrogen content) of marine organic matter. In response, we report here how respiration is related to the carbon-to-nitrogen (C:N) ratio of particulate and dissolved size fractions during a coastal diatom bloom.
MATERIAL AND METHODS
Sampling. Seawater was collected from depths of 5 and 15 m at a site located in 40 m of water in Bedford Basin, Nova Scotia, Canada. Samples were taken at weekly intervals from February 15 to May 3, 1995, to monitor the development and decline of the spring phytoplankton bloom. The Basin is a small (17 km2) coastal bay connected to the North Atlantic Ocean by Halifax Harbour. Estuarine circulation in the Basin is driven by tides that exchange 4.9 % of a, total volunle of 516 x lo6 m3 (Gregory et al. 1993 ) and by freshwater input dispersed by the wind field (Petrie & Yeats 1990) . The main source of freshwater is the Sackville River (which had an average annual inflow of 4.8 m s from March 1, 1994 1, , to March 1, 1995 and the salinity of surface waters can range from 28 to 32 (Petrie & Yeats 1990) Peristaltic pumps, equipped with acid-cleaned silicone tubing, were used to draw seawater from both depths through acid-cleaned Kynar tubing. Samples of unfiltered seawater were taken for respiration measurements and for the analysis of bulk chlorophyll a (chl a), nutrients and particulates. Seawater was also collected for ultrafiltration and analysis of dissolved (~0 . 2 pm) organic carbon (DOC) and nitrogen (DON) by pumping through 0.2 pm Gelman Minicapsule cartridge filters attached to the outlets of the peristaltic pumps. The filters were precleaned by flushing with 0 05 M HC1 followed by deionized water (Millipore Super-Q) and rinsed with several liters of seawater before samples were collected. Filters were changed during sampling when a significant decrease in flow rate was observed.
DOC samples (50 to 80 ml) were collected in 250 ml fluorinated polyethylene bottles [Ndlgene) that had been soaked overnight in 10% HC1 (v/v), rinsed 5 times i n distilled water and oven-dried at 80Â°C DON samples (20 to 30 ml) were collected in 60 ml glass screw-cap tubes that had been precombusted at 550Â° for 4 h. Pnor to filling, the bottles and tubes were rinsed vi-ith filtered seawater from the appropriate depth. DOC samples were then stored at 5OC in the dark and analyzed within 2 d of collection; DON samples were frozen and analyzed within 30 d of collection. The filtered seawater obtained for ultrafiltration was transported to the laboratory in 20 1 acid-cleaned polyethylene jerricans.
Hydrography, chl a, nutrients and particulates. Watpr temperature, salinity and fluorescence were monitored as continuous profiles by a Seabird Model 25 CTD. The fluorometer was calibrated with discrete chl a samples collected for analysis on Whatman GF/F filters and measured by a standard fluorometric method based on that of Holm-Hansen et al. (1965) . Inorganic nutrients (nitrate, phosphate and silicate) were measured by standard methods using a Technlcon autoanalyzer; ammonium was analyzed using an automated method adapted from Grasshoff & Johannsen (1972) , Particulate organic carbon (POC) and nitrogen (PON) were determined by high temperature combustion (in a Perkin Elmer 2400 CHN analvzer) of samples concentrated onto GF/F filters that had been precombusted at 450Â° for 2 h. Data on discharge of the Sackville River were provided by the Water Resources Branch of Environment Canada, Cross-flow ultrafiltration. Millipore cross-flow ultrafiltration systems (each equipped with 2 Millipore PLGC Prep/Scale-TFF-6 cartridges connected in parallel) were used to collect and concentrate colloidal material from the 0.2 pm prefiltered samples; 2 separate ultrafiltration systems were used for the 5 and 15 m sampling depths. The PLGC Prep/Scale cartridge is a 10000 nominal molecular weight (NMW) or 10 kD filter with a 0.7 m2 regenerated-cellulose membrane and retains material greater than about 1 to 2 nm in diameter. As a result, the term 'dissolved' was applied to the material passing through the 0.2 pm prefilter. The term 'colloidal' was applied to material between 1 to 2 nm and 0.2 prn in diameter, and 'low molecular weight' was applied to material passing through the Prep/ScdIe filter (i.e. with a nominal diameter of <1 to 2 nm). A 10000 NMW cartridge was employed rather than the more common 1000 NMW (or 1 kD) cutoff (Buesseler et al. 1997) to minimize the time required to process large samples. The flow rates of 25 to 30 1 h-' employed with the high-volume peristaltic pumps connccted to our systems allowed the separation of 100 to 1.50 1 of prpfiltered seawater into colloidal and low molecular weight size fractions within 5 h.
Each ultrafiltration system was cleaned and conditioned by leaching with 0 1 M HC1 for at least 12 h, flushing with 30 1 of 0.2 pm filtered, distilled, deionized water (Millipore Super-Q], circulating 0.1 M NaOH for at least 30 min and flushing with an additional 30 1 of the deionized water. The complete system was then soaked for at least 4 h with seawater that had prpvi-ously been ultrafiltered to reduce the adsorptive loss of DOC onto tubing and ultrafiltration membranes during sample processing. The 0.2 pm prefiltered seawater from each sampling depth was combined in a 200 1 tank and transferred by peristaltic pump to an 8 1 polypropylene bottle used as a retentate reservoir Both the tank and reservoir had been acid-cleaned and rinsed with deionized water prior to use. During ultrafiltration, seawater was pumped froin the reservoir to the inlet of the ultrafiltration cartridges and the retentate recirculated to the reservoir to b e collected as the colloidal size fraction; the permeate (ultrafiltrate) was collected in a separate acid-cleaned container. The retentate was continually replenished with filtered seawater from the 200 1 tank so that the volume of water in the reservoir was maintained at between 4 and 6 1. At the beginning of each ultrafiltration r'un, two 5 1 aliquots of the prefiltered seawater were circulated through the system and discarded. The remainder was ultrafiltered under pressures of 18 to 20 psi (124 to 138 kPa), resulting in the separation of low molecular weight and colloidal material and the concentration of colloidal material in the retentate. Pump speed was adjusted and the retentate line was restricted slightly to achieve a constant flow of 25 to 30 1 of permeate h-' and a recirculation flow that was between 6 and 10 times the permeate flow.
When approximately 40 1 of sample had passed through the ultrafiltration membrane, the permeate was sampled for the analysis of low molecular weight organic carbon and nitrogen (LOC and LON). Prlor to sampling, the intake line was transferred from the retentate reservoir to the 200 1 tank so that filtration artifacts (Buesseler et al. 1997 ) created by membrane breakthrough (related to the buildup of colloidal concentrate in the retentate reservoir) were minimized. Once the sample for LOC(N) analysis was collected, the inlet was returned to the retentate reservoir and ultrafiltration was continued until the volume of retentate (colloid concentrate) was between 1 and 2 l (equivalent to a concentration factor of 55 to 86). The retentate outlet was then opened and the permeate outlet closed, allo\ving the retentate to be circulated at a pressure of 10 psi (69 kPa) for 10 min (to minimize adhesion of colloids to the membrane). The retentate was then sampled for the analysis of colloidal organic carbon and nitrogen (COC and CON).
In addition to organic carbon and nitrogen, 233Th was measured in samples from both the retentate and the ultrafiltrate; the ':j4~h results are reported elsewhere . The COC and CON concentration in each retentate [COC(N),,,] was corrected for the concentration of LOC(N) and for the reduction in retentate volume during ultrafiltration (Kepkay et al. 1993 , Niven et al. 1995 . Mass balances were calculated as the sum of LOC(N) and COC(N),,,, and expressed as percent of the dissolved (~0 . 2 pm) fraction. The organic carbon mass balances were generally >92% , the organic nitrogen mass balances were > 95 'Yo.
DOC. Acidified samples of the dissolved, colloidal and low molecular weight fractions were analyzed for their organic carbon content by high temperature catalytic oxidation as described in detail by Kepkay et al. (1993 Kepkay et al. ( , 1997 . The concentration of organic carbon in each sample was determined from standard curves generated from the analysis of glucose in fresh distilled water. Typical standard deviations of individual standard and sample analyses were 52.6 pM C and the analytical blank was 15 to 20 pM C. When the contribution of the distilled water ( < l 0 pM C, as measured by Chen & Wangersky 1993) to the analytical blank was taken into account, the residual instrument blank was between 5 and 10 pM Csimilar to values obtained by Tupas et al. (1994) . The instrument blank was subtracted from all our measurements.
DON. The high temperature catalytic oxidation instrument of Chen & Wangersky (1993) was adapted for the colorimetric determination of oxidized nitrogen and used to analyse samples for the total nitrogen content of the dissolved, colloidal and low n~olecular weight fractions. Typical standard deviations of sample analyses were 50.3 plvl N; the analytical blank was 2.8 to 3.0 pM N and the instrument blank was ~0 . 2 pM N. DON, CON and LON were calculated by subtracting the combined total of nitrate and ammonium (dissolved inorganic nitrogen, DIN) froin total nitrogen measurements.
Respiration. A pulsed oxygen electrode system (Endeco T. 11 25) adapted to a 16-electrode multiplexer was used to measure short-term, whole-community respiration following the procedures developed by J. F. Jellett, P. E. Kepkay, S. F. Malcolm, P. M. Dickie & W. K. W Li (unpubl.) . Unfiltered seawater from each of the 2 sampling depths was added to a 1 1, 4-electrode manifold and mainta.ined at in situ temperature (1 to 3OC) in the dark. Once the electrodes had passed through a 45 inin stabilization period, oxygen consumption in each of the 2 manifolds was monitored as decreasing signals obtained from 4 electrodes over an additional 30 min. AS a result, the total incubation time required to obtain measurable respiration rates was 75 min.
Electrode signals from the incubations were converted to oxygen concentrations (and respiration rate) using calibration data obtained froin the same manifolds containing filter (0.2 pm)-sterilized seawater that was sequentially sparged with 3 different analyzed gas mixtures of oxygen and nitrogen. Electrode drift was accounted for as blank corrections that were obtained using non-sparged, filter-sterilized seawater; these blank values were subtracted from all the respiration measurements in untreated seawater.
RESULTS
Onset and decline of the bloom On March 15 (Day 74), the onset of the spring bloom at 5 m was signalled by an increase of chl a above prebloom concentrations of 1 to 2 pg 1-' ( a maximum of 19.1 pg I-', and then declined to postbloom concentrahons of 2 to 6 1-19 1-' by April 19 (Day 109) The bloom at 15 m began 1 wk later ( Fig. lA) , reaching a similar maximum in chl a by Day 88, and declined to post-bloom concentrations by Day 109. At both depths, dissolved inorganic nitrogen (the combined total for nitrate and ammonium), silicate and phosphate reached low (-1 pM) concentrations near the end of the bloom (Fig. 1B) ; salinity remained moreor-less constant at 30 to 31 throughout the bloom, and temperature remained low at 1 to 3OC (Fig. 1C) .
The hydrographic characteristic of this bloom that distinguished it from previous studi.es in Bedford Basin (Kepkay et al. 1993 , Niven et al. 1995 was the weak stratification of the water column (Fig. 1C ). During previous blooms, precipitation was relatively high so that discharge of the Sackville R~ver reached values of up to 20 m%--' (Kepkay et al. 1993 , Niven et al. 1995 . In contrast, the average discharge for the Sackville River during the 1995 bloom was 5.1 m3 S-' -only slightly higher than an annual average of 4.8 m" S-' As a result, both temperature and salinity remained uniform with depth ( Fig. 1C ; Kepkay et al. 1997 ) and there appeared to be an overall lack of extensive vertical mixing. This allowed the chlorophyll maximum to develop down to depths of about 20 m by Day 88 -the height of the bloom (as defined by chl a measurements). By the time the post-bloom had arrived (Day log), some stratification had developed in the upper 5 m, but chl a had returned to relatively uniform and low concentrations over the entire 40 m of the water column ).
Size fractionation of organic carbon and nitrogen
Traditionally, total standing stocks of organic carbon (TOC) and nitrogen (TON) In seawater have been subdivided into particulate and dissolved size fractions. We followed this approach by including material greater than 0.4 pm in diameter (the nominal pore size of a Whatman GFF filter) in the particulate fraction and material less than 0.2 pm in diameter (the nominal pore size of the Gelman cartridge used to pretreat seawater before ultrafiltration) in the dissolved fraction. To pinpoint the biological reactivity of dissolved material, we subdivided the prefiltered seawater into a low molecular weight size fraction, which included material that was less than a nominal molecular weight of 10 kD (or a nominal particle diameter of 1 to 2 nm), and a colloidal size fraction (which was equivalent to a particle diameter of between 1 nm and 0.2 pm).
During the bloom at 5 m, the TOC increased from about 95 to 159.8 pM C by Day 81. (Fig. 2 A ) . This TOC maximum (whlch included the combined contributions of the particulate and dissolved size fractions) was 1 wk before the maximum in chl a and was followed by a smaller peak 1 wk after the chl a maximum ( Fig. 2A ). TOC then declined to post-bloom concentrations of 108 pM C. Particulate organic carbon (POC) also peaked at the same time as the TOC peaks, but was typically between 30 and 40% of TOC during the bloom ( Fig. 2A ). The remainder (and majority) of the TOC was found in the dissolved organic size fraction (DOC; Fig. 2B ). Throughout the bloom, low molecular weight organic carbon (LOC; Fig. 2B ) was the predominant component of this standing stock and colloidal organic carbon (COC; Fig. 2B ) was no greater than 12% of TOC. Our measurements of DOC, LOC and COC were in agreement with data obtained from previous spring blooms (Kepkay et al. 1993 , Niven et al. 1995 ) using a slightly different ultrafiltration system. Our measurements were also similar to values obtained from natural phytoplankton populations in estuaries (Samuel et al. 1971 , Thomas 1971 ) and a natural phytoplankton bloom enclosed in an experimental mesocosm (Norrman et al. 1995) . However, our measurements did not agree with the mesocosm results of Smith et al. (1995) , where a nutritionally induced diatom bloom yielded consistently more POC than DOC. In contrast to TOC, the TON at 5 m exhibited no discernible trends, and varied between 7.1 and 11.9 pM N ( Fig. 3) . Particulate organic nitrogen (PON) was typically less than 40% of TON (Fig. 3A) and colloidal organic nitrogen (CON) remained at less than 1.4 pM N (or less than 9% of TON) throu.ghout the bloom (Fig. 3B) . The majority of the TON was in the low molecular weight size fraction (LON; Fig. 3B ). Our measurements of dissolved organic nitrogen (DON; Fig. 3B ) were in agreement with the range of values first established by Duursma (1961) and later confirmed by Walsh (1989), Karl et al. (1993) , Hansell (1993) and Koike & Tupas (1993) in the open ocean, and by Hansell (1993) and. Hansell et al. (1993) in coastal waters. At 15 m , the distributions of TOC, TON and size-fractionated organic carbon and nitrogen (Tables 1 & 2) were similar to the results from 5 m. However, the overall increase in DOC was smaller at the greater depth ).
Size-fractionated C:N ratio
Prior to the bloom at 5 m, the C:N ratio of total organic matter (TOM) was between 6:1 and 7 : l (Fig. 4A ) -close to the value of 6.7:l proposed by Redfield et al. (1963) for the production and degradation of marine organic matter. During the bloom, the C:N ratio reached 11.9:l by Day 81 (Fig. 4A ) and then decreased to post-bloom values that were, again, close to the Redfield ratio (Fig. 4A) . At 15 m, there was a similar increase in the C:N of TOM (Fig. 4A ), but a maximum of only 8.6:l was reached by Day 81 -considerably less than the C:N peak reached at 5 m. At its maximum, the C:N of TOM at both depths was similar to cellular C:N ratios measured by several authors during the growth of phytoplankton in culture (Dortch 1982 and references therein) and, more specifically, to the combined C:N ratio of dissolved (DOM) and particulate (POM) organic matter obtained by Biddanda & Benner (1996) during the production of extracellular polysaccharides by diatoms in culture In contrast to TOM, the C:N ratio of POM remained relatively uniform at both 5 and 15 m. The ratio varied from ? : l to 9.1, which was well within the range obtained by several authors during the growth of phytoplankton in culture (Goldman et al. 1979 and references therein, Dortch 1982 and references therein), and exhibited no discernible trend (Fig. 4B ). The dissolved, rather than the particulate, fraction of organic matter ( Fig. 4C, D) appeared to be responsible for the change in C:N of TOM and the colloidal size fraction underwent the largest change in C:N ratio (Fig. 4C) . At both 5 and 15 m, the C:N of colloidal organic matter (COM) increased from values similar to the Redfield ratio ( Fig. 4C) to peaks of 20.5:l (at 5 m) and 9.9:l (at 15 m ) .
The C:N of COM then decreased to post-bloom values that were, again, similar to the Redfield ratio (Fig. 4C ).
The C:N ratios of DOM and low molecular weight organic matter (LOM) were similar at both depths (Fig. 4D) , increasing from values similar to the Redfield ratio to between 13.0:l and 13.6:l (at 5 m) a n d 8.9:l (at 15 m), followed by a decrease to Redfield values by the post-bloom. The close agreement between C:N ratios Table 3 of LOM and DOM at both depths probably reflects the predominant contribution of low molecular weight material to DOM during blooms (Kepkay et al. 1993 , Niven et al. 1995 . In addition, our range of C:N ratios for size-fractionated DOM (Fig. 4C, D) was similar to values obtained by Biddanda & Benner (1996) in culture, and at the low end of the range (18 to 33) established for coastal waters and the open ocean (Duursma 1961 , Hansell 1993 .
Respiration and the size-fraclionated C:N ratio
During the bloom at 5 m, respiration of the whole community and the C:N of TOM appeared to be closely associated (Fig. SA) , reaching coincident maxima by Day 81. The 2 parameters were well correlated (Table 3) , with a significant Pearson correlation coefficient (r) of 0.775 ( p 2 0.003). In contrast, the C:N of POM did not reach a maximum by Day 81 (Fig. 5B) and Table 3 . Correlation of respiration at 5 m with the C:N of total salinities of 30 to 31 ( Fig. l C ) , and at similar nutrient organic material (TOM) and the C:N of organic material in the concentrations that decreased to about 1 by the particulate (POM), colloidal (COM), dissolved (DOM) and lotu end of the bloom (Fig, lB) . there was no significant correlation with respiration ( Table 3) . The correlation between respiration and the C:N of TOM at 5 m (Table 3) appeared to be a function of the dissolved (rather than the particulate) component of TOM (Fig. 5) . In particular, the colloid-sized fraction of TOM appeared to be the most closely associated with respiration at 5 m (Fig. 5C , Table 3 ). The Pearson correlation coefficient (r) for respiration and the C:N of COM was 0.802 (p 0.005), while the correlation coefficients of respiration with the C:N of LOM or DOM were either marginally significant or not significant (Table 3) . At 15 m, respiration was less well correlated with the C:N of TOM (Fig. 6A, Table 4 ), primarily because the increase in C:N ratio during the bloom (Fig. 6A) was relatively small. The absence of a significant correlation of respiration with the C:N of POM (Fig. 6B , Table 4 ) was similar to the results from 5 m (Fig. 5B . Table 3 ) and there was a strong significant correlation (r = 0.972, p 0.005 in Table 4 ) of respiration with the C:N of COM (Fig. 6C) . A weaker, but significant, correlation of respiration with the C:N of LOM or DOM ( Fig 6D, Table 4 ) was also apparent as the C:N ratio extended for 2 wk beyond the peak in respiration.
DISCUSSION
In contrast to earlier studies (Kepkay et al. 1993 , Niven et al. 1995 , the 1995 bloom in Bedford Basin was weakly stratified due to low surface water temperatures and uniform salinities (Fig. 1C ) associated with a relatively low freshwater input. This allowed the chlorophyll maximum at the height of the bloom (Fig. 1A) to develop to a depth of at least 20 m . As a result, the phytoplankton included in the chlorophyll maximum grew under relatively uni- : m--. carbon cycling (Fig 2, Table 1 ). Most of the organic carbon produced during the bloom was released in the low molecular weight ( < l to 2 nm) and colloidal (between 1 to 2 nm and 0.2 pm) size ranges . When these 2 size fractions were combined into a dissolved organic carbon (DOC) pool, they accounted for between 60 and 70'% of the total organic carbon (TOC) produced during the bloom (Fig. 2) . In contrast, partlculate organic carbon (POC) was a relatively small fractlon (c401!;,) of TOC ( Fig. 2A, Table 1 ). This leads to a perhaps obvious but important conclusion: bloom productivity may be drastically underestimated when defined solely from measurements of POC (one of the most commonly accepted indices of cell biomass and ocean productivity). In order to obtain a truly accurate definition of bloom productivity, the dissolved organic size fractions produced by the phytoplankton must be taken into account. It is also important to note that our colloidal size fractions were obtained using a 10 kD cutoff rather than the more commonly employed 1 kD (Buesseler et al. 1997) . This means that we probably under-rather than over-estimated the contribution of colloids to the dissolved size fractions. Throughout the bloom, the distribution of total organic nitrogen (TON) and its composite size fractions was more or less uniform (Fig. 3, Table 2 ) , even though dissolved inorganic nitrogen (DIN) was near the concentratlon of TON before the bloom (Fig 3C) and decreased to low, but non-limiting concentrations (-1.0 pM N) by the end of the bloom. This raises the question of where the DIN went during the bloom. The answer may lie in Cranford et al.'s (1995) data demonstrating that the nitrogen content of organic material in sediment traps increased as the bloom progressed. This increase in nitrogen may have been associated with the development of an active bacterial population in and on the aggregates that settled out into the traps. At this point, however, we cannot rule out the possibility that nitrogen may have also been removed by rapid recycling that would not have been detected with our 1 w k sampling. interval.
Size-fractionated C:N ratio When C:N ratios were derived from size-fractionated organic carbon and nitrogen (Fig. 4) , it was clear that some process (or combination of processes) was driving the C:N of total organic matter (TOM) u p during the bloom (Fig. 4A) and then returning the ratio to values similar to the 6.7:l originally proposed by Redfield et al. (1963) . The C:N of particulate organic matter (POM) appeared to make little contribution to the change in C:N observed for TOM ( Fig. 4) . Instead, the major change in the C:N ratio was in the dissolved size fractionparticularly in the colloidal size fraction (Fig. 4C ), where C:N reached a maximum of 20.5:l.
A high C:N ratio for colloidal organic matter (COM) is consistent with the production of carbon-rich exopolymers (as polysaccharides) by leakage from actively growing phytoplankton early during a bloom (Kiarboe & Hansen 1993 ) and leakage from senescent cells towards the end (Myklestad 1977 , Ittekot et al. 1981 , Smetacek 1985 and references therein, Eberlein & Brockman 1986 , Myklestad et al. 1989 , Kepkay et al. 1993 , K i~r b o e & Hansen 1993 , Mopper et al. 1995 . However, it is important to note that, even though polysaccharides are primarily found in the colloidal size fraction in surface waters (Benner et al. 1992 . Amon & Benner 1994 , they can also be found as monomers in the low molecular weight size fraction (Benner et al. 1992) . The production of carbon-rich monomers may well have been in operation during the bloom, where a high C:N ratio of dissolved organic matter (DOM) appeared to be closely linked to an increase in the C:N of low molecular weight organic matter (LOM), which reached a maximum of 13.0:l (Fig. 4D ).
Respiration and the size-fractionated C:N ratio While our measurements of respiration varied by more than an order of magnitude (Figs. 5 & 6) , the mean respirations calculated from pre-bloom, bloom and post-bloom measurements at 5 and 15 m (Table 5) overlapped the range of values measured previously in Bedford Basin by Kepkay & Johnson (1989) . Our measurements were also well within the range of values (Table 5 ) established for respiration by coastal ocean communities (Smith & Hollibaugh 1993 and references therein) . The respiration values reviewed and included in this yearly average were calculated either from car- that more colloidal organic carbon was produced at 5 than at 15 mpresumably because phytoplankton production was attenuated at bon-nitrogen-phosphorus stoichiometry (see Smith et the greater depth. However, lower respiration at 15 m al. 1991) or from net oxygen flux (see Hoppema 1991a, was still closely correlated with the C:N of COhI (Fig.  b) . Our results were obtained from short-term incuba-6C, Table 4 ) , even though the correlation of respiration tions that were ~1 . 5 h in duration. The overall agree-with the C:N of TOM was weaker at 15 than at 5 m ment between results obtained with such different (Fig. 6A , Table 4 ). This weaker correlation was probatechniques indicates that short-term, direct measure-bly related to the fact that the elevated C:N of LOM ments may provide an independent means for assess-and DOM extended for 2 wk after the peak in respiraing the accuracy of respiration estimates in models of tion ( Fig 6D) . The origin of these broad, low peaks in coastal ocean heterotrophy (Smith & MacKenzie 1987, the C:N ratio remains unknown, but could be related to Smith & Hollibaugh 1993) . are the first direct demonstration that respiration can that were similar to the ratio of 6.7:l proposed by Red-regulate the C:N ratio of total (rather than particulate) field et al. (1963) for the production and degradation of organic matter in surface waters. Even though our marine organic matter. This regulation of the C:N ratio measurements are in agreement with Smith & Holof TOM by respiration had no apparent effect on the libaugh's (1993) yearly average for respiration in C:N of POM (Figs. 5 B & 6B) which remained relatively coastal systems (Table 5) , they are not in agreement uniform, but greater than 6.7:l Higher-than-Redfield with a widely held assumption that the microbial loop ratios in the particulate fraction have already been ob- (Azam et al. 1983 ) operates under the constraint that served in phytoplankton cultures (Goldman et al. 1979 POM must first be broken down to DOM before it can and references therein, Dortch 1982 and references be respired to CO, and released as inorganic nitrogen. therein) and may also indicate that carbon-rich exu-During the bloom, the microbial loop appeared to be dates were closely associated with cells. However, the short-circuited by the rapid respiration of carbon-rich significant positive correlation of respiration with the phytoplankton exudates that were not necessarily pro-C:N of COM (Figs. 5C & 6C, Tables 3 & 4) suggests that duced by decomposition. Th.e time scale of this respiraat least some of the exudates released as larger colloids tory response was within our 1 wk sampling interval were mineralized within the 1 wk sampling interval. In and agrees with Smith & MacKenzie's (1987) estimate addition, very little of the DIN involved in primary pro-for the response time of estuaries and coastal waters. In duction and respiration (Fig. 3C ) appeared to accumu-addition, the respiratory response appeared to remove late in the PON, DON or CON pools (Fig. 3A, B ] This organic carbon and regulate the C:N of TOM (Fig. 5) , means that, even though colloid-sized organic exudates returning the ratio to values similar to that predicted may be only 16 to 22% of DOC during blooms (Kepkay by Redfield stoichiometry (6.7:l). et al. 1993 , Niven et al. 1995 and < 12 % of TOC Given the fact that respiration (as a rate) was corre- (Fig. 2, Table l ) , they could still have a pronounced ef-lated only with the bulk concentration (rather than the fect on the C -N of TOM during periods of high produc-rate of production) of organic carbon in the various size tivity. It should also be stressed that our results are con-fractions, it is important to stress that the correlatjons servative in their estimation of the amount of colloids cannot be used to quantify the effect of carbon degraproduced. The utilization, of 10 kD rather than 1 kD U].-dation on the bloom's carbon, budget. The difficulty of establishing a n organic carbon budget for the bloom is further highlighted by the apparent conflict between the POC increase calculated from chl a concentrations at the height of the bloom (Fig. 1) approximately 50 ph4 C on Day 88 using Li et al.'s (1993) C:chl a ratio of 40:ldnd the maximum increase in POC that was actually recorded (about 10 pM C in Fig. 2 ). This conflict between low POC concentrations when phytoplankton productivity (as defined by chl a ) was at its height can be resolved by taking sedimentation into account. There were strong peaks of carbon flux into traps 1 wk before and 1 wk after the chl a maximum ) This leads to an important conclusion: respiration cannot be considered in isolation in its effect on the organic carbon budget. The rapid sedimentation of organic material is also important ). This means that it will probably not be possible to establish a carbon budget for surface waters during a coastal bloom without coincident measurements of prlmary production, respiration and sedimentation over exactly the same time intervals.
Organic size fractions and biota involved in respiration
We cannot b e sure that only colloid-sized fractions of DOM were respired, but our results are in agreement with Santschi et al.'s (1995) finding that colloids are the 'young' fraction of Doh4 that is capable of being rapidly turned over by microbial activity. Even so, it cannot be denied that LOM contributed to the high C:N of TOM (Figs. 4 , 5 & 6) . In addition, the relatively high (but uniform) C:N of POh4 (Figs. 4, 5 & 6) suggests that high-carbon exudates may have been closely associated with phytoplankton cells or aggregated into transparent exopolymer particles (Alldredge et al. 1993 , Passow et al. 1994 ) throughout the bloom . We do not know if this high-carbon, particulate material was eventually made available for respiration by the whole community, but it is clear from previous work in Bedford Basin and the open ocean (Kepkay & Johnson 1989 ) that colloid aggregation can trigger short-lived bursts of intense bacterial respiration.
We also cannot be sure which organisms were responsible for such a strong respiratory response to high productivity during the bloom, but respiration was posit~vely correlated with bacterial number (Jellett et al. unpubl.) . \I'hcn combined with previous observations (Kepkay et al. 1993 , Niven et al. 1995 ) that zooplankton are generally absent during blooms in Bedford Basin, these data suggest that bacteria may make a major contribution to respiration. However, the bacteria were certainly not the only micro-organisms involved. The protozoa (Kepkay & Johnson 1989 ) and phytoplankton (Langdon et al. 1997) are also important components of total community respiration.
Summary
Even though we cannot pinpoint which microbiota or size fractions of organic carbon made the greatest contributions to community respiration, we can draw 3 conclusions from the Basin bloom that may be applicable to coastal ocean systems as a whole:
(1) Particulate organic carbon (POC), which is one of the most widely accepted measures of plankton biomass, is a relatively small fraction of the total standing stock of organic carbon (Fig. 2) . The dissolved organic carbon (DOC) associated with the production of phytoplankton exudates is the predominant pool of organic carbon.
(2) The C:N of particulate organic material (POM) is not an accurate index of the C:N of the total standing stock of organic material (TOM). Instead, variations in the C:N of colloidal organic material (COM) and low molecular weight organic material (LOM) are prime regulators of the C:N of the total standing stock ( Fig. 4) .
(3) Microbial respiration is an important regulator of the C:N of TOM during periods of high productivity (such a s those encountered during the bloom) This respiratory regulation of the C:N ratio is focused primarily on the degradation of carbon-rich phytoplankton exudates in the colloidal size fraction (Figs. 5 & 6) Given the extreme metabolic flexibility of the bacteria, this respiration of colloidal organic carbon (COC) by the microbial community may short-circuit the microbial loop and combine with the sedimentation of aggregates to remove the excess carbon produced as exudates.
All three of these conclusions should be taken into account if the net heterotrophy of a coastal system (Smith & MacKenzie 1987 , Smith & Hollibaugh 1993 is to be accurately defined.
